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DESOWPTION 

BAFFLE PLATE, APPARATUS FOR PRODUCING THE SAME, METHOD OF 
PRODUCING THE SAME, AND GAS PROCESSING APPARATUS 
5 CONTAINING BAFFLE PLATE 

TECHNICAL FIELD 

The present invention relates to a gas 
processing apparatus that discharges exhaust gas generated 
10 as a result of chemical processing, to a baffle plate 
incorporated into the gas processing apparatus, and a 
method of and apparatus for producing the baffle plate. 

BACKGROUND ART 

15 FIG. 1 shows the structure of an apparatus that 

performs single wafer processing in a hermetically sealed 
chamber used in a wafer preprocessing step of 
semiconductor production. As shown in FIG. 1, the 
processing apparatus cxxnprises: a wafer placing stand 3 on 

20 which a wafer 1, a glass substrate, and other electronic 
material substrates are placed; an exhaust duct 5 that 
surrounds the wafer stand 3; a baffle plate that is 
provided with baffle holes 7 and placed on the exhaust 
duct 5; and an exhaust pipe 11 that is connected to the 

25 exhaust duct 5. In FIG. 1, arrows 13 indicate the exhaust 
flow of the process gas. 

To perform uniform processing on the surface of 
the wafer 1 in the apparatus for performing single wafer 
processing in a hermeti cally sealed chamber, for instance, 

30 in a CVD (Chemical Vapor Deposition) apparatus, an etching 
apparatus, an annealing apparatus, and a dry cleaning 
apparatus, it is necessary to supply the process gas 
uniformly on the surface of the wafer 1 with a shower head. 
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and to flow the exhaust gas generated from the contact 
with the wafer 1 in the radial direction evenly at any 
circumferential angle of the wafer 1 (this process will be 
hereinafter referred to as "uniform exhaust"). 
5 The uniform exhaust is essential in the single 

wafer processing apparatus (such as a metallic CVD 
apparatus) to perform a uniform film forming operation. 
The single wafer processing apparatus that performs a so- 
called rate-determining process in which the reaction rate 

10 on the surface of the wafer 1 depends on the 

transportation rate of the material gas. Also, in a 
plasma processing apparatus in which the residence time of 
the gas on the wafer has an influence on the concentration 
variation of labile species (i.e., in a plasma CVD 

15 apparatus or a plasma etching apparatus), the uniform 

exhaust is essential for obtaining a uniform film forming 
rate and an etching rate. 

In a normal case where the connecting port of 
the exhaust pipe 11 connected to the pump for exhausting 

20 the wafer processing gas deviates from the center axis of 
the wafer 1 and opens toward the gas processing chamber, 
it is difficult to exhaust the gas evenly from the center 
of the gas flow on the wafer in the every circumferential 
direction. In order to solve this problem, the exhaust 

25 duct 5 is extended from the connecting port of the exhaust 
pipe 11 to the entire periphery of the wafer 1, and the 
baffle plate 9 is disposed as a separation wall on 
boundary between the exhaust duct 5 and the chamber. 
Normally, a number of baffle holes 7 are formed at uniform 

30 intervals in the baffle plate 9, thereby obtaining uniform 
exhaust. 

The baffle plate 9 aims to decrease unevenness 
of exhaust gas flow on the surface of the wafer 1. The 
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principles of the baffle plate 9 reside in forming the 
baffle holes 7 that causes a greater flow resistance than 
the flow resistance in the exhaust duct 5 so as to reduce 
a variation in exhaust conductance that depends on the 
5 circumferential angle and to make the flow rate of the 
exhaust gas around the wafer 1 uniform in the 
circumferential direction. 

To make the exhaust flow rate of the baffle 
holes 7 uniform, it is necessary to equalize the 

10 differential pressures at the respective baffle holes 7 on 
both sides of the baffle plate 9. However, in a 
conventional technique of forming the identical baffle 
holes 7 on the baffle plate 9 at uniform intervals, it is 
difficult to obtain uniform exhaust flow 13 at every 

15 circumferential angle of the wafer 1. The main reason for 
this is that the difference between the inner pressure of 
the exhaust duct 5 and the pressure in the chamber in the 
normal film forming operation is small. As a result, the 
adverse influence of the inner pressure of the exhaust 

20 duct 5 on the variation of the differential pressures due 
to a fluid pressure loss becomes too great to ignore. 

It may be possible to reduce the pore size of 
each baffle hole 7 so as to increase the differential 
pressures on both sides of baffle hole 7 to such a degree 

25 that can nullify a variation of the inner pressure of the 
exhaust duct 5. However, a smaller pore size of each 
baffle hole 7 will results in an increase of the pressure 
in the chamber. Enlarging the pore size of each baffle 
hole 7 to reduce the flow resistance in the exhaust duct 5 

30 is also undesirable, because a larger pore size results in 
a decrease of the flow resistance in the exhaust duct 5. 
Accordingly with the conventional, apparatus employing the 
baffle plate 9, there remain problems that a relatively 
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large amount of exhaust gas flows on the surface of the 
wafer in the vicinity of the connecting port of the 
exhaust pipe 11, and that the flow rate of the exhaust gas 
at the connecting port of the exhaust pipe 11 and at the 
5 baffle holes 7 on the other side is low. 

In order to solve the above problems , Japanese 
Laid-Open Patent Application No. 63-141318 discloses a 
conductance plate provided with a plurality of holes 
having pore sizes proportional to the distances from the 

10 exhaust port. However, such a conductance plate does not 
function sufficiently to obtain uniform processing on a 
number of samples. 

Furthermore, a conventional exhaust device has a 
simple structure having the exhaust pipe 11 connected to 

15 the side wall of the gas processing chamber (such a 

structure will be hereinafter referred to as "sidedraft 
exhaust structure") . In this conventional exhaust device, 
an exhaust port is normally formed on the side wall, 
causing much unevenness in exhaust gas flow. In order to 

20 solve such a problem, a structure having two or more 

connecting ports on the side wall of the gas processing 
chamber has been suggested, as disclosed in Japanese Laid- 
Open Patent Application No. 8-45917. With such a 
structure, however, the unevenness of exhaust gas flow can 

25 be corrected to sane degree, but there is another problem 
that the structure becomes complicated, resulting in 
higher production costs. 

As disclosed in Japanese Laid-Open Patent 
Application No. 63-111621, an exhaust device that exhausts 

30 from below the wafer stand in the coaxial direction with 
the central axis of the wafer has been suggested. With 
such an exhaust device, there are problems that the 
configuration of the exhaust device becomes too long in 
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the central axis direction, and that the arrangement of 
various components (such as the wiring arrangement for a 
pusher pin for moving up and down the wafer, a suscepter 
heater, and a temperature heater) that are normally 
5 arranged below the wafer stand becomes difficult . 

Also, in the conventional exhaust device using a 
porous baffle plate in a gas process chamber having a 
sidedraft exhaust structure, it has been difficult to 
designing and produce a uniform-exhaust baffle plate that 

10 can obtain uniform distribution of the flow rate of an 

exhaust gas in the circumferential direction on the wafer. 
The biggest reason of this is that a quantitative design 
method which is based on hydrodynamic theories was unknown. 
More specifically, as the baffle pore size becomes smaller, 

15 the exhaust flow rate becomes more uniform. However, the 
chamber inner pressure increases at the same time. As a 
result, this technique is not applicable to a normal 
process in which the chamber inner pressure needs to be 
low. 

20 Meanwhile, Japanese Laid-Open Patent Application 

No. 8-64489 discloses a structure in which the baffle 
holes are arranged at varied intervals, and Japanese 
Patent No. 2927211 discloses a baffle plate provided with 
exhaust conductance adjusting holes that are displaced. 

25 However, it has been considered difficult to obtain an 
exhaust device that has a function to maintain uniform 
exhaust regardless of various process conditions such as 
the gas flow rate, the type of gas, temperatures and 
pressures. Even if the diameters and intervals of the 

30 baffle holes are varied, it is difficult to maintain 
predetermined uniformity in exhaust, except under 
specially prescribed process conditions. 

Japanese Laid-Open Patent Application No. 62- 
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98727 reads that "As shown in FIG. 2, a plurality of 
exhaust holes 10 are designed in accordance with the fluid 
conductance calculated from the flowing direction of an 
etching gas flowing from a gas introduction path 4 
5 uniformly downward along the surface of the wafer 6". 
However, this reference only suggests that the pore size 
should be larger as the location of the hole becomes more 
distant from the main exhaust hole, while mentioning no 
detailed method or technique for designing the exhaust 
10 holes . 



DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide 
a gas process apparatus that realizes uniform exhaust 

15 regardless of process conditions, a baffle plate that is 
mounted on the gas process apparatus, a method of 
producing the baffle plate, arid an apparatus for producing 
the baffle plate. 

The above objects of the present invention are 

20 achieved by a baffle plate that parts a process space in 
which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust das generated as a result of the 
chemical process. In this baffle plate, after a plurality 

25 of through holes are virtually formed at desired locations 
on the baffle plate, the plurality of through holes are 
actually formed at the desired location so that flow rates 
of the exhaust gas at the plurality of through holes 
become uniform. With this baffle plate, uniform exhaust 

30 required for the chemical process can be surely realized. 

The above objects of the present invention cure 
also achieved by a baffle plate that parts a process space 
in which a chemical process is carried out with a supplied 
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gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 
chemical process. In this baffle plate, through holes are 
formed at a plurality of locations on the baffle plate, 
5 depending on pressure differences between two sides of the 
baffle plate. With this baffle plate, uniform exhaust 
required for the chemical process can be surely achieved. 

In the above baffle plate, the through holes may 
be formed in accordance with a pressure variation of the 

10 exhaust gas along a flowing path of the exhaust gas inside 
the duct. More specifically, through holes may be formed 
so that the flow rates of the exhaust gas flowing through 
the through holes calculated in accordance with the Hagen- 
Poiseuille's law become constant. The above objects are 

15 also achieved by a baffle plate having at least three 
through holes at various intervals, or a baffle plate 
having at least two through holes having different pore 
sizes . 

The above objects of the present invention are 
20 also achieved by a baffle plate that parts a process space 
in which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 
chemical process, and a plurality of through holes are 
25 formed at desired locations. This baffle plate varies in 
thickness at two or more locations among the desired 
locations. With this baffle plate, the conductance of the 
exhaust gas flowing through the through holes can be 
adjusted. 

30 The above objects of the present invention are 

also achieved by a baffle plate that parts a process space 
in which a chemical process is carried out with a supplied 
gas from a duct for exhausting an exhaust gas generated as 
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a result of the chemical process. In this baffle plate, 
slits that penetrate through the baffle plate and vary in 
width along with a flowing path of the exhaust gas in the 
duct are formed in accordance with pressure differences 
5 between both sides of the baffle plate, the pressure 

differences varying depending on locations on the baffle 
plate. With this baffle plate, the conductance of the 
exhaust gas flowing through the slits can be adjusted. 

The above objects of the present invention are 

10 also achieved by a baffle plate that parts a process space 
in which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space so 
as to discharge an exhaust gas generated as a result of 
the chemical process. In this baffle plate, slits that 

15 penetrate through the baffle plate and have uniform widths 
are formed along a flowing path of the exhaust gas inside 
the duct, and the baffle plate varies in thickness along 
the flowing path. 

The above objects of the present invention are 

20 also achieved by a gas process apparatus that comprises: a 
process space including a stand on which an object to be 
processed is placed, and a gas supply unit for supplying a 
gas to the object to be processed so as to perform a 
chemical process on the object placed on the stand; a duct 

25 that is adjacent to the process space so as to discharge 
an exhaust gas generated as a result of the chemical 
process; and a discharging unit that is connected to the 
duct for discharging the exhaust gas. This gas process 
apparatus is characterized by further comprising a 

30 partition unit that parts the duct from the process space, 
and adjusts the flow rate of the exhaust gas flowing from 
the process space to the duct depending on pressure 
differences between both sides of a boundary surface, the 
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pressure differences varying with locations on the 
boundary surface between the process space and the duct. 
With this gas process apparatus, uniform exhaust required 
for the chemical process can be surely realized. 
5 The above objects of the present invention are 

also achieved by a method of producing a baffle plate that 
parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
adjacent to the process space so as to discharge an 

10 exhaust gas generated as a result of the chemical process. 
This method is characterized by comprising the steps of: 
calculating pressure differences between both sides of the 
baffle at desired locations on the baffle plate; and 
forming through holes at a plurality of locations on the 

15 baffle plate, depending on the calculated pressure 

differences. By this method, a baffle plate that can 
realize uniform exhaust can be surely obtained. 

The above objects of the present invention are 
also achieved by a method of producing a baffle plate that 

20 parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
adjacent to the process space so as to discharge an 
exhaust gas generated as a result of the chemical process. 
This method is characterized by comprising the steps of: 

25 calculating pressure differences between both sides of the 
baffle plate, the pressure differences varying with 
locations on the baffle plate, and a pressure variation of 
the exhaust gas along a flowing path of the exhaust gas 
inside the duct; and forming through holes at a plurality 

30 of locations on the baffle plate in accordance with the 

calculated pressure differences and the pressure variation. 

The above objects of the present invention are 
also achieved by a method of producing a baffle plate that 
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parts a process space In which a chemical process Is 
carried out with a supplied gas f rom a duct that is 
adjacent to the process space for discharging an exhaust 
gas generated as a result of the chemical process. This 
5 method is characterized by comprising the step of forming 
a plur alit y of through holes in the baffle plate so that a 
flow rate of the exhaust gas calculated in accordance with 
the Hagen-Poiseuille's law becomes constant. 

The above objects of the present invention are 

10 also achieved by a method of producing an apparatus for 
producing a baffle plate that parts a process space in 
which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 

15 chemical process. This apparatus is characterized by 
comprising: a calculating unit that calculates pressure 
differences between both sides of the baffle plate at 
various locations on the baffle plate; and a hole forming 
unit that forms through holes at a plurality of locations 

20 on the baffle plate in accordance with the pressure 
differences calculated by the calculating unit. 

In the above apparatus, the calculating unit 
calculates a pressure variation of the exhaust gas along a 
flowing path of the exhaust gas inside the duct, and the 

25 hole forming unit forms the through holes at the plurality 
of locations on the baffle plate in accordance with the 
pressure differences and the pressure variation calculated 
by the calculating unit. 

The above objects of the present invention are 

30 also achieved by an apparatus for producing a baffle plate 
that parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
adjacent to the process space for discharging an exhaust 
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gas generated as a result of the chemical process. This 
apparatus is characterized by comprising: a calculating 
unit that calculates hole forming locations so that flow 
rates of the exhaust gas at through holes formed in the 
5 baffle plate calculated in accordance with the Hagen- 
Poiseuille ' s law become uniform; and a hole forming unit 
that forms the through holes at the hole forming locations 
calculated by the calculating unit. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the structure of an apparatus for 
processing single wafers in a hermetically sealed chamber 
in a wafer preprocessing in semiconductor production 
procedures; 

15 FIG. 2 shows a gas flow and a differential 

pressure in an exhaust duct; 

FIG. 3 shows the structure of a conventional 
baffle plate; 

FIG. 4 shows the structure of a gas process 
20 chamber on which the baffle plate of FIG. 3 is mounted; 

FIG. 5 Illustrates the arrangement of baffle 
holes formed in the baffle plate of a first embodiment of 
the present invention; 

FIG. 6 shows the structure of the baffle plate 
25 of the first embodiment of the present invention; 

FIG. 7 shows the structure of a baffle plate of 
a second embodiment of the present invention; 

FIG. 8 is a graph showing the characteristics of 
the baffle plate provided with baffle holes having 
30 different pore sizes from each other in accordance with 
the second embodiment of the present invention; 

FIG. 9 is a graph showing the results of a 
simulation performed on the conventional baffle plate 



WO 01/48790 



PCT/JP00/09106 



-12- 

shown In FIG. 3 under the same conditions as in the case 
shown in FIG. 8; 

FIG. 10 is a graph showing the results of a 
simulation performed on a conventional baffle plate 
5 disclosed in Japanese Laid-Open Patent Application No. 63- 
141318; 

FIG. 11 shows the structure of a baffle plate of 
a third embodiment of the present invention; 

FIG. 12 shows the structure of a gas process 
10 chamber on which the baffle plate shown in FIG, 11 is 
mounted; 

FIG. 13 shows the structure of a baffle plate of 
a fourth embodiment of the present invention; 

FIG. 14 shows the structure of a gas process 
15 chamber on which the baffle plate shown in FIG. 13 is 
mounted; 

FIG. 15 shows the structure of a baffle plate of 
a fifth embodiment of the present invention; 

FIG. 16 shows the structure of a has process 
20 chamber on which the baffle plate shown in FIG. 15 is 
mounted; 

FIG. 17 shows the structure of a baffle plate of 
a sixth embodiment of the present invention; 

FIG. 18 shows the structure of a gas process 
25 chamber on which the baffle plate shown in FIG. 17 is 
mounted; 

FIG. 19 shows the structure of a gas process 
chamber of an eighth embodiment of the present invention; 

FIG. 20 is a plan view of the gas process 
30 chamber shown in FIG. 19; 

FIG. 21 shows the structure of an apparatus for 
producing a baffle plate of the present Invention; and 

FIG. 22 is a flow chart showing an operation of 
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produclng the baffle plate shown in PIG. 21. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following is a description of embodiments of 
5 the present invention, with reference to the accompanying 
drawings. Throughout the drawings, the same components 
are denoted by the same reference numerals. 

In the embodiments of the present invention, 
equations are employed for virtually determining the 

10 shapes and sizes of baffle passages, the diameters and 

intervals of baffle holes, the number of baffle holes, the 
widths of slits, and the thickness variation of the baffle 
plate. Based on values calculated using those equations, 
baffle plates having the optimum shapes for obtaining 

15 circumferential 1 y uniform flow rates of a gas flowing on 
the wafer will be specified in the following description. 

A baffle plate having the fluld-mechanica 13 y 
optimum shape is logically proved to be capable of 
obtaining uniform exhaust, regardless of process 

20 conditions such as the flow rate of a process gas, the 
type of the process gas, temperatures , and pressures. 

The basic ideas of the embodiments of the 
present invention are to design the baffle passages for 
making the exhaust gas flow uniform in such a manner that 

25 equalizes the exhaust conductance from a given location 
near the wafer 1 to the connecting port of the exhaust 
pipe of the chamber. In order to achieve this, the 
pressure loss due to the fluid friction of the gas flowing 
toward the connecting port of the exhaust pipe needs to be 

30 evaluated for each gas passage. The most noteworthy 

pressure loss is caused between the fluid resistance of a 
baffle passage and the fluid resistance of a gas flowing 
through the exhaust duct on the downstream of the baffle 
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passage. To obtain those fluid pressure losses, the 
Fa nn i n g 's equation or the Hagen-Poiseuille ' s law are used, 
so that the baffle passages are designed based on the 
logical relationship between the shape and size, and the 
5 flow rates and differential pressures of the baffle holes 
or the baffle slits and exhaust duct. 

The relational expressions between the 
differential pressures, the flow rates, and the pore sizes 
are basically essential logical equations for designing 

10 the optimum shape of a baffle plate that can obtain 

uniform exhaust. For instance, the flow rate of a baffle 
hole or a slit is proportional to the fourth power of its 
pore size, proportional to the third power of the slit 
width, inversely proportional to the plate thickness, and 

15 proportional to the square of the difference between the 
pressure above the passage and the pressure below the 
passage. The shape of the passage for uniform exhaust in 
the circumferential direction is determined based on a 
variation of the duct inner pressure, which varies in a 

20 wide range due to an increase of the gas flow rate on the 
downstream side in the duct. However, a highly analytical 
technique has been required for determining the three 
factors, i.e., the shapes, the flow rates, the pressures 
of the passages. 

25 Under the above conditions, five types of baffle 

plates having the optimum shapes were designed and 
produced based on the newly introduced logical equations. 
These baffle plates were then mounted on a single wafer 
process apparatus to obtain uniform exhaust. The five 

30 types include: 1) a uniform-size, uniform- thickness porous 
baffle plate that has baffle holes arranged at varied 
intervals for obtaining uniform exhaust; 2) a uniform- 
interval, uniform- thickness porous baffle plate that has 
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baffle holes having varied pore sizes for uniform exhaust; 
3) a uniform- size, uniform- interval porous baffle plate 
.that varies in thickness for uniform exhaust; 4) a 
uniform- thickness slit -type baffle plate that has slits 
5 having varied widths for uniform exhaust; and 5) a 

uniform-width slit baffle plate that varies in thickness 
for uniform exhaust. 

Among the above baffle plates, the easiest one 
for processing is the baffle plate 1) having baffle holes 

10 arranged at varied intervals. This structure can be 

easily obtained by forming holes having different angles 
in the circumferential direction using cutting blades of 
the same diameter. In this manner, uniform exhaust can be 
achieved at a low cost. On the other hand, with the above 

15 baffle plate 2) having baffle holes having varied pore 
sizes, it is necessary to prepare many cutting blades 
having different diameters. Meanwhile, the baffle plates 
3) and 5) that vary in thickness in the circumferential 
direction are relatively easy to produce. However, it is 

20 not so easy to produce the baffle plate 4) having slits 
that vary in width. Despite the varied difficulties in 
production, the optimized baffle plates have the same 
uniform exhaust, and can be effectively used in a single 
wafer process chamber. 

25 In the above baffle plate 4), slits are formed 

for exhaust, and the widths of the slits are continuously 
varied in the fluid-mechanically optimum manner, so that 
the smallest necessary pressure loss can be obtained for 
uniform exhaust. On the other hand, a porous baffle plate 

30 requires a relatively great differential pressure, and the 
pressure in the gas process chamber unnecessarily rises. 

To avoid the above problems, the embodiments of 
the present invention provide porous baffle plates and 
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s lit -type baffle plates that can obtain uniform exhaust in 
a single wafer process chamber by a new design method. 
Also, the embodiments of the present invention provide a 
gas process apparatus including any one of the above 
5 baffle plates. Such a gas process apparatus may be 
applied to any one of apparatuses, such as etching 
apparatuses, plasma apparatuses, and thermal CVD (Chemical 
Vapor Deposition) apparatuses. 

In the following, the basic theoretical formulas 

10 of the present invention will be described. In a single 
wafer processing apparatus having a sidedraft exhaust 
structure, a gas enters the exhaust duct 5 from the 
surface of the wafer 1 through the baffle holes 7 around 
the wafer 1. After going half around inside the exhaust 

15 duct 5, the gas reaches the connecting port of the exhaust 
pipe 11 disposed on the side wall of the gas processing 

chamber. Here, the flow rate at each baffle hole 7 is 

j 

determined by the difference between the inner pressure of 
the exhaust duct 5 and the pressure in the chamber. This 
20 relationship can be expressed by a Hagen-Poiseuille r s law 
that holds between the flow rate and the pressure 
difference in a case where viscous flow passes through the 
fluid passage. 

25 AP s 32PLU/D 2 ... (1) 

wherein D indicates the inner diameter [m] of 
the fluid passage, L indicates the length [m] of the fluid 
passage having the inner diameter D, Ap indicates the 
30 differential pressure [Pa] with the pressure at the 

downstream of the distance L, ji indicates the viscosity of 
the gas [Pa • sec] , and u indicates the flow rate of the 
gas [m/sec] . 



. WO 01/48790 



PCT/JPOO/09106 



-17- 

Taking the variation of the volume due to a 
pressure into account, an equation using a mass velocity G 
[kg/m 2 /sec] can be obtained as will be shown later. 

The Hagen-Poiseuille ' s law is originally a 
5 relational expression with respect to a fluid pressure 
loss caused when a viscous fluid laminar-flows through 
fluid passages in a circular duct. In a case where the 
fluid are not circular, a representative size called an 
equivalent diameter is used, instead of the diameter of a 

10 circle, to obtain the same relational expression. 

According to "Chemical Engineers' Handbook (5th revised 
edition)" (edited by Chemical Engineering Society, and 
issued by Maruzen) , the equivalent diameter is a value 
obtained by multiplying a hydraulic radius by 4. The 

15 hydraulic radius is obtained by dividing the cross section 
area of the passage by the circumference adjacent to the 
fluid on the cross section of the passage. In the 
following, the cross section of the fluid passage is 
circular for ease of explanation, but the same effects can 

20 be achieved by using the equivalent diameter when the 
cross section of the fluid passage is not circular. 

As for the laminar flow region in a range to 
which the Hagen-Poiseuille 's law is applied, the Reynolds' 
number of the gas flow in the apparatus to which the 

25 present invention is applied is 100 or smaller. When the 
Reynolds' number is 2000 or smaller, it is normally 
possible to maintain laminar flow. As for the applied 
pressure range, 20 pascal or greater should be enough to 
obtain viscous flow. Even at a low pressure, 10 pascal 

30 should be enough in practical use, as long as the diameter 
of the fluid passage is 20 or more times as great as the 
mean free path of gas molecules. 

It should be noted that the mean free path of 



WO 01/48790 



PCT/JPOO/09106 



-18- 

nltrogen molecules at 20 Pa and 200*0 is approximately 500 
pm, which is sufficiently small, compared with the 
equivalent diameter, 27 mm, of the duct in the following 
embodiments . The diameters of the passages of the baffle 
5 holes are smaller than the diameter of the duct, but the 
pressure is higher in the baffle passages. As a result, 
the mean free path should be much smaller. At 93.3 Pa, 
for instance, the mean free path should be approximately 
100 pm. Accordingly, the following equation should hold 
10 in practical use. 

AP = °P - {Cp 2 - 64PLRTG/MD 2 } 0 6 ... (2) 

wherein the °P indicates the pressure [Pa] at 

15 the reference point, R indicates the gas constant (8.3143 
[m 2 kg/mol/sec 2 ] ) , T indicates the temperature [K] , and M 
indicates the molecular weight [kg/mol] . 

FIG. 2 shows the gas flow and differential 
pressure in the exhaust duct. As shown in FIG. 2, numbers 

20 i » 1, 2, 3, ... are allocated to the baffle holes from 
the most downstream side of the exhaust duct. Here, the 
relationships among the pore size D ± , the pore length L ± , 
the duct inner pressure Pi, the gas flow rate F i# the 
differential pressure A°Pi between the process chamber 

25 pressure °P and the duct inner pressure P ± , the 

differential pressure (pressure variation) Ap ±+lfi between 
the duct inner pressure P 1+ i below the hole adjacent to the 
fluid passage of the exhaust gas and the duct inner 
pressure P i# the equivalent diameter Ph of the duct, and 

30 the length L i+ i, ± of the passage of the duct from the ith 
hole and the i+1 the hole, are expressed by the following 
equations. Here, when the cross section of the passages 
of the duct is not circular, for instance, when the cross 
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section is a rectangle having a long side a and a short 
side b. the equivalent diameter of the duct should be 
2ab/(a+b) . 

Pi+i - Pi + Pi+i.i ... (3) 

A°Pi • °P - P ± ... (4) 

Pi = {V - 64L 1 RTQi/Md i 2 } 0 - 6 . . . (5) 

The equation (5) that expresses P ± can be 
transformed into an equation (7) by an equation (6) that 
expresses the hole gas flow rate F± and the mass velocity 
Qt. 

P t = (7C/4)(0.0224Di 2 /M)Gi/(lE-6/60) [scan] ... (6) 

Pi - {"P 2 ~ 64nL i RTP 1 (lE-6/60) ( 1/0. 0224 )/(DiV4)} 0 S 

... (7) 

With the substitution of 6* (= 64pRT(lE- 
6/60) (1/0.0224)), the equation (7) can be further 
transformed into the following equation (8). 

25 Pi 2 - °P* - GUFiJiTtD^/A) ... (8) 

From the above equation (8) , the flow rate F ± of 
each hole can be expressed by the following equation (9) 
as functions of the duct -inravr pressure P±, the inner 
30 diameter D if and the hole length I*. 

Fi = (°P 2 - P i 2 )(7CD i 4 /4)/(5Li) ... (9) 



20 
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Meanwhile, the duct inner pressure Pi is 
expressed by the product of the downstream pressure and 
the differential pressure in the following equation (10). 

5 Pi = Pi + Ap 2#1 + Ap 3 , 2 + Ap 4 , 5 ...+ APi,!-! . . . 

(10) 

The inner differential pressure of two 
neighboring holes in the duct is expressed by the 
10 following equation (11). 

APi.!-! = Pi + AP^ . . . (11) 

By substituting the equation (8) in the above 
15 equations (10) and (11), the following equation (12) can 
be obtained. 

APi,i-i = Pi - {Pi 2 - <5Li,i-iFi,i- 1 /(7CD H 4 /4)} 0 - 5 ... 

(12) 

20 

Fran the equations (11) and (12), the following 
equation (13) is obtained. 



25 



30 



Pi-i 2 - Pi 2 - 5Li fi . 1 Pi,i- 1 /(7CD H 4 /4) ... (13) 

Fran the equation (13), the following equation 
(14) is obtained. 

Pi = {Pi-i 2 - fiLi. i - 1 Fi,i. 1 /(7i:D B V4)} 0 - 6 . . . (14) 

Here, Fi, iwl in the equation (14) is the gas flow 
rate in a section in the duct that is adjacent to the ith 
hole, and is expressed by the following equation (15). 
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Fi.i-1 = Fo/2 - Fx/2 - (Fa+Fa+.-.+Fi-i) . . . (15) 

The equation (15) is substituted in the equation 
5 (14) to obtain the following equation (16), which 

expresses the duct inner pressure Pi below the 1th hole by 
the flow rate of a hole that is situated at a lower side 
of the ith hole. 

10 P x = [Pi-x 2 + <5Li,i-i{Fo/2-Fx/c-(F 2 +F 3 +. . .+Fi_x) }/( K 

Dh 4 /4)] 0 - 5 

... (16) 

From the above equations, a desired exhaust flow 

15 rate can be determined for each hole starting from the 
downstream side. By this method, the gas flow rate of 
each hole can be detected, so that the uniformity of the 
porous baffle plate can be detected. 

Using this technique, the uniformity of the 

20 exhaust flow rate with a conventional baffle plate is 
calculated for a comparison purpose. If the number of 
holes, the pore size, the hole interval, and the plate 
thickness are known, the uniformity of the exhaust flow 
rate of the porous baffle plate is determined as follows. 

25 First, the duct inner pressure P x below the first hole is 
assumed, and the flow rate Fx is determined from the pore 
size Di and the duct inner pressure Pi of the first hole. 
The inner pressure P 2 and the flow rate F 2 of the second 
hole are then calculated, and the flow rates of all the 

30 remaining holes are calculated in order. The duct inner 
pressure Pi of the first hole should be determined so that 
the total of the exhaust flow rate of all the holes 
becomes equal to the flow rate F 0 [seem] of the process. 
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This calculation should be easily made using spreadsheet 
software. The unit [seem] is the amount of gas (cm 3 ) that 
flows per minute in a normal state. 

Without using the technique of determining the 
5 shape of a baffle plate based on the relational 

expressions in accordance with the present invention, it 
is difficult to determine a satisfactory shape by 
repeating the measurement of the flow rate variation of 
test baffle plates. It is also difficult to determine the 

10 shape of a baffle plate by a fluid simulation method using 
a computer, because repeating trial-and-error simulations 
by inputting an unlimited number of parameters for shape 
determination without any analytical barometers is not 
very efficient. 

15 Accordingly, by the method of the present 

invention, the shape and size of required baffles for 
uniform exhaust can be analytically determined, and such 
baffles can be efficiently produced. 

FIG. 3 shows the structure of a conventional 

20 baffle plate, and FIG. 4 shows the structure of the gas 
processing chamber 15 provided with the baffle plate 9 
shown in FIG. 3. Here, an exhaust pump P is connected to 
the gas processing chamber 15 so as to form a gas 
processing device. 

25 As shown in FIG. 3, the baffle plate 9 are 

provided with the baffle holes 7 having the same pore size 
and formed on the circumference at uniform intervals. If 
the baffle plate 9 having such a structure is employed, a 
gas supplied from a gas introduction pipe 17 into the 

30 wafer 1 via a shower head 14 is discharged through the 
baffle hole 7 in the vicinity of the connecting port of 
the exhaust pipe 1 connected to the exhaust pump P. As a 
result, the exhaust in the circumferential direction of 
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the wafer 1 has a poor uniformity. On the other hand, if 
the pore size of each baffle hole 7 is made s mall er, the 
uniformity can be improved. However, the pore size of 
each baffle hole 7 cannot be made very small in view of 
5 the upper limit of the process pressure. 

The uniformity of the exhaust flow rate in the 
circumferential direction of a wafer in a case where a 
conventional baffle plate provided with baffle holes 
having uniform pore sizes, uniform thicknesses , and 

10 uniform intervals is employed is shown in Table 1 for 

reference. In Table 1, "uniformity" can be determined by 
calculating (maximum flow rate - minimum flow 
rate) /(maximum flow rate + minimum flow rate) from the 
maximum value and the minimum value of the flow rate of 

15 each baffle hole. If the "uniformity" value becomes 

greater, the flow rates of the baffle holes become more 
uneven. As the "uniformity" value becomes smaller, the 
flow rates of the baffle holes become more uniform. 



TABLE 1 



PORE SIZE 


mn 


SlO 


4.0 


3.0 


2.5 


2.444 


2.0 


1.0 


MINIMUM FLOW RATE 


seem 


IB 


&9 


12.2 


14.3 


14.5 


ao 


0 591 


MAXIMUM FLOW RATE 


seen 


62.0 


41.0 


26.1 


21.5 


21.3 


16 


0 598 


MAX/MIN 


X 


23.7 


ao 


2.1 


1.50 


1.47 


1.2 


1. 01 


FLOW RATE UNIFORMITY 


X 


91.9 


71.2 


36. 1 


201 


19.0 


a i 


06 


EXHAUST 


% 


100 


100 


100 


100 


100 


51 


16 


LOWEST DUCT PRESSURE 


Pa 


85.3 


79.9 


616 


27 


6.67 


a 67 


a 67 



Table 1 shows data in a case where a porous 
25 baffle plate having a thickness of 1 mm is placed on an 
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exhaust duct having a width of 25 mm, a depth of 30 mm, 
and a pitch circle radius of 120 mm in a single tungsten 
CVD apparatus. Seventy- two baffle holes having uniform 
pore sizes are placed on the pitch circle at uniform 
5 intervals at every 5 degrees. Using this apparatus, a CVD 
process gas having an exhaust total flow rate F 0 of 1203 
seem was processed. The baffle hole pore sizes are 5 mm, 
4 mm, 3 ran, 2.5 mm, 2.444 mm, 2 mm, and 1 mm, and 
calculated values are shown for each pore size. Under the 

10 processing conditions, the pressure °P in the chamber on 
the upstream side of the baffle holes 7 is 93.3 Pa, the 
temperature T is 520 *C, the average molecular weight of 
the gas is 0.0596 kg/mol, the viscosity p is 3.625E-5Pa # 
sec, and the limit of the suction pressure of the exhaust 

15 outlet is 6.67 pa. 

As shown in Table 1, the exhaust flow rate is 
12.2 seem at the smallest and 26-1 seem at the largest 
with relatively small baffle holes each having a pore size 
of 3 mm. The exhaust uniformity obtained by calculating 

20 the (maximum flow rate - minimum flow rate) /(maximum flow 
rate + minimum flow rate) is 36.1 %, which is a poor value. 
The maximum flow rate is obtained at the baffle hole 
closest to the exhaust outlet. The duct inner pressure 
immediately below the baffle hole closest to the exhaust 

25 outlet is 63.6 Pa at the smallest, where the differential 
pressure with the chamber pressure of 93.3 Pa is 29.7 Pa, 
which is the largest. Since the duct inner pressure 
becomes higher at a location further away from the exhaust 
outlet, the differential pressure with the chamber inner 

30 pressure becomes lower at such a location. Accordingly, 
the exhaust flow rate becomes the smallest at a location 
furthest from the connecting port of the exhaust pipe 11. 
As shown in Table 1, the exhaust uniformity 
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becomes poorer with a larger pore size. On the other hand, 
the exhaust uniformity Improves with a smaller pore size. ^ 
However , with a small pore size, it is necessary to reduce 
the duct Inner pressure, because a large differential 
5 pressure is required for exhausting the gas at a 

predetermined flow rate with a small pore size. In this 
example, the uniformity value with the pore size of 2.444 
mm can maintain the uniform value of 19.0%. With the 
smaller pore sizes of 2.0 mm and 1.0 mm, the exhaust 
10 becomes too low. For instance, to maintain the same 

chamber pressure with the pore size of 2.0 mm, the exhaust 
gas flow rate needs to be reduced to 51 %. 

In the following, the five types of suitable 
baffle plates will be described. 

15 

[Embodiment 1] 

In a first embodiment of the present invention, 
a porous baffle plate having uniform hole pore sizes and 
uniform thicknesses for uniform exhaust with a varying 

20 pitch between baffle holes. 

The porous baffle plate of this embodiment has 
baffle holes each having the same pore size. However, the 
intervals between the baffle holes are varied to maintain 
the average exhaust flow rate uniform in the 

25 circumferential direction. 

FIG. 5 illustrates the arrangement of baffle 
holes 23 formed in a baffle plate 21 of the first 
embodiment. As shown in FIG. 5, the interval between each 
two baffle holes 23 on the downstream side, which is close 

30 to the connecting port of the exhaust pipe, is wider than 
on the upstream side, taking into account an increase of 
the exhaust flow rate of each baffle hole due to an 
excessive differential suction pressure. The arrangement 
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of the hole intervals necessary to make the average 
exhaust flow rate uniform on the circumference is as 
follows • 

A location at the angle of circumference of the 
5 ith hole is 9 ± degrees, with the connecting port of the 
exhaust pipe being the origin, as shown in FIG. 5. In the 
following description, the first hole hi is located at the 
same angle of circumference as the exhaust port, i.e., 0* 
= 0° . However, the arrangement of this embodiment can be 

10 used in other situations. The flow rate of the exhaust 
gas passing through the ith holes is Fi [scan], and the 
duct inner pressure below the ith hole is P± [Pa]. The 
equivalent diameter Db [m] , the thickness of the baffle 
plate is Lo [m], the radius of the pitch circle 19 of the 

15 hole is r [m], the total exhaust flow rate is F 0 [seem], 
the pressure of the processing chamber is °P [Pa] . The 
angle of the circumferential angle region in which the ith 
hole is ±a± degrees. Here, the following equations hold. 

20 0 X « 0 ... (17) 

Fx = (°P 2 -Pi 2 )(7CDd 4 /4)/6L 0 . . . (18) 

a x - (180)F X /Fo . . . (19) 

02 - («i+ 180 F 1 /Fo)/{l+(l-F 1 /F 0 )(^r/2Lo)(D 0 /D H ) 4 } 
25 ... (20) 

F 2 » (0 2 - Oi)Fft/180 . . . (21) 

a 2 - (180)F 2 /F 0 - 0 2 -01 -<*i . . . (22) 

P 2 = [P X 2 + (5r0 2 (F o -F 1 )/36O)/{(l/4)p H 4 }] 0 - 5 

. . . (23) 

30 6 = (64pRT) (IB • 6/60) (1/0.0224) . . . (24) 



Generally, with i being greater than 2 r the 
following equations hold. 
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& u + « u + 180 Fu/Fo+drt^FJCFo^-Pta-Ft FuXTVDh) 4 0 f .J 

/{l + r (r^/L 0 Fo)(Fo«-F l /2^F J - F a - • • - -F^OyDd 4 } 

F t = ffl Fo/180 = (V-VXirDo'MytfLo 
P 4 = pP-^^WM)]" - [Pi^+C^Lu^FuJ/CirDHV^r 

The flow rate F x of the first hole hi with 
respect to the duct inner pressure Pi below the first hole 
hi is determined, and the angle 0L X on one side of the 

10 exhaust region of the first hole hi based on the flow rate 
Fx. The angle position 9 2 of the second hole h2 is 
calculated based on the flow rate Fx and the angle a 1# and 
the flow rate F 2 of the second hole h2 is determined from 
the angle position 0 2 and the angle a x . The angle a 2 is 

15 then obtained from the flow rate F 2 . The duct inner 
pressure P 2 of the second hole h2 is calculated as the 
functions of these elements* As for the third hole and 
the remaining holes, the same calculations are made so as 
to determine the variation of the angle positions of all 

20 the exhaust holes that are given a uniform exhaust flow 

rate per unit circumferential angle. The initial pressure 
Pi is converted so that the total of the obtained flow 
rates satisfies the conditions of the process gas flow 
rates. Thus, the variation of the angle position 0j. of 

25 each hole can be obtained. 

FIG. 6 shows the baffle plate 21 of the first 
embodiment in which the baffle holes 23 are formed at the 
angle positions 0 X obtained in the above manner. 

If the first hole hi or the nth hole hn is 

30 located on the straight line between 0° and 180° on the 

pitch circle 19, a coefficient Ci or Cn mentioned later is 
2. If the first hole hi or the nth hole hn is not located 
on the straight line, the coefficient Ci or Cn mentioned 
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later is 1. In a case where the total number m of holes 
is 72 and the coefficient Ci of cn is 2, n is determined 
to be 37 by (m+2)/2. The total exhaust flow rate F 0 is 
determined as follows. 

5 

F 0 = 2(F l /c l +F 2 +F,+ ■ • ■ (29) 

In the following, eight aspects of the baffle 
plate 21 having baffle holes arranged at varied intervals 
10 so as to obtain uniform exhaust will be described. 

(Standard Conditions) 

Under the same process conditions as with the 
conventional baffle plate shown in FIG. 3, the uniform > 

15 exhaust test was carried out with the baffle plate 21 

having the baffle holes arranged at the optajnum intervals 
on the pitch circle 19. Uie pore sizes were 2.5 nin, 3 mm, 
4 ran, and 5 mm. The number of holes was 72. Table 2 
shows the relationship between the optimum variation and 

20 the pore size between 0° to 180° of each hole. 
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TABLE 2 



ANGLE 


PORE SIZE 


HOLE NUMBER 


PORE SIZE 


HOLE NUMBER 


Lm tJUlJJJ 


0» UDHu 




- 


ANGLE 




u. uiiun 




□lUUI 


1 


0.0 


ao 


ao 


ao 












2 


6.6 


8.4 


116 


32.9 


20 


104 7 


1113 


135 9 


154 9 


3 


13.0 


16.5 


3a 7 


519 


21 ! 


1014 


117.6 


1311 


1518 


4 


113 


24. 1 


410 


710 


22 : 


114 0 


121.9 


142. 1 


1517 


5 


25l4 


31.3 


517 


86.2 


23 


1116 


126.1 


145 1 


1614 


6 


31.4 


38.3 


612 


96.7 


24 


123.2 


13a 2 


147.9 


162.1 


7 


37.3 


449 


71.6 


105 3 


25 


127.7 


134 3 


1517 


1617 


8 


43.0 


51.3 


712 


112.6 


26 


1311 


1313 


1514 


1612 


9 


417 


57.4 


811 


1117 


27 


1316 


142.2 


1510 


1617 


10 


542 


63.3 


92.4 


1241 


28 


141.0 


141 1 


1518 


1612 


11 


59.6 


69.0 


912 


1217 


29 


1414 


1510 


161. 1 


1616 


12 


64.9 


74 5 


1016 


132.8 


30 


1418 


1518 


1615 


171.0 


13 


70.2 


719 


1015 


1315 


31 


1541 


157.6 


166.0 


172.3 


14 


75 3 


85 0 


1111 


1319 


32 


1515 


161.4 


1613 


1716 


15 


804 


910 


117.5 


142.9 


I 


162.8 


1611 


1717 


174 9 


16 


85 4 


949 


121.6 


1417 




167.1 


1619 


1710 


1712 


17 


9a 3 


917 


1214 


1412 


35 


171.4 


172.6 


1714 


177.5 


18 


95 1 


104 3 


1211 


isa 6 


36 


1717 


1713 


177.7 


1717 


19 


99.9 


1018 


132.6 


152.8 


37 


1810 


1810 


181 0 


1810 



As shown In Table 2, the interval between the 
first hole hi and the second hole h2 is the largest with 
each pore size, while the interval between the 36th hole 
and the 37th hole on the 180° side becomes the smallest. 
LO Table 3 shows the relationship between the uniformity of 
the baffle plate having varied hole intervals and the 
process conditions* 
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The differential suction pressure shown in Table 
3 indicates the difference between the inner pressure of 
the process chamber at each baffle hole 23 and the inner 
pressure of the exhaust duct. 
5 The case of the 3 -mm pore size in Table 2 

corresponds to the column 1-1 in Table 3. In the case of 
the column 1-1, the maximum interval between the baffle 
holes 23 is 8.4 degrees between the first hole hi and the 
second hole h2, and the minimum interval is 3.7 degrees 

10 between the 36th hole and the 37th hole. The maximum flow 
rate is 29 seem at the first hole hi, and the minimum flow 
rate is 12-4 seem at the 37th hole. The values obtained 
by dividing the flow rate of the baffle holes 23 by the 
angle 2a x and 2a 37 of the exhaust region with respect to 

15 each baffle hole 23 are equivalent to the flow rate per 

one degree shown in the column 1-1 in Table 3. The values 
are both 3.342 seem. As for the other baffle holes 23 at 
the other positions, the flow rate of the exhaust gas of 
each hole is divided by the angle of the exhaust region, 

20 and the average exhaust flow rates per unit 

circumferential angle are the same. Thus, the uniformity 
value is 0%. 

The positions of the baffle holes 23 are shown 
with circumferential angles in the range of 0° to 180° , 

25 with the position of the connecting port of the exhaust 
pipe 11 being the origin. The first hole hi among the 72 
holes on the pitch circle 19 is located at 0° , and the 
37th hole is located at 180° . The second hole h2 to the 
36th hole are located at the angles shown in Table 3, but 

30 the 38th to 72nd holes are located on the circumference on 
the opposite side of the origin, and arranged 
symmetrically with the locations of the second hole h2 to 
the 36th hole with respect to the line between 0° and 
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180° . 

Also, in the case of the column 1-1 in Table 3, 
the duct inner pressure immediately below the first hole 
hi is 59.4 Pa, which is slightly lower than the lowest 
5 duct inner pressure of 63.6 Pa in the case of a pore size 
of 3 mm shown in Table 1. However, the intervals between 
the baffle holes 7 in the conventional baffle plate 9 
shown in FIG. 1 is uniform. On the other hand, the 
intervals between the baffle holes 23 in the baffle plate 

10 21 of this embodiment varies in the range of 3.7 to 8.4 

degrees as shown in the column 1-1 in Table 3, so that the 
variation of the exhaust flow rate per unit 
circumferential angle is averaged. As result, the 
uniformity approaches 0%. This proves that the uniformity 

15 is dramatically improved, compared with the conventional 
baffle plate shown in Table 1. 

(Influence of Pressure Variations) 

Using the baffle plate 21 of the first 

20 embodiment, the exhaust gas can be evenly distributed in 
the circumferential direction even of the chamber inner 
pressure varies. Under the same process conditions as 
shown in the column 1-1 in Table 3, except that the 
chamber inner pressure was 133.3 Pa, the locations of the 

25 72 baffle holes each having a pore size of 3 mm were 
determined so that the exhaust from the chamber is 
distributed evenly in the circumferential direction. The 
results of this were exactly the same as the values in the 
case of the pore size of 3 mm shown in Table 2, as shown 

30 in the column 1-2 in Table 3. Accordingly, it was 
confirmed that the inner pressure of the gas process 
chamber had no adverse influence on the optimum hole 
intervals for uniform exhaust. 
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Hie lowest exhaust pressure immediately below 
the first hole hi needs to be adjusted to 112.2 Pa, 
because the lowest exhaust pressure should correspond to a 
chamber pressure that is higher than the chamber pressure 
5 in the column 1-1 in Table 3. Thus, the inner pressure of 
the process chamber is maintained at 133.3 Pa. 



( Influence ( of Flow Rate Variations) 

Using the baffle plate shown in the column 1-1 

10 in Table 3, the variation of the exhaust flow rate in the 
circumferential direction can be made uniform. Under the 
same process conditions as in the column 1-1 of Table 3, 
except that the total flow rate of the gas exhaust was 
601.5 scan, which is a half of the total flow rate in the 

15 column 1-1 of Table 3, the locations of the baffle holes 
required for uniform exhaust were determined. The results 
of this were exactly the same as the values ' in the case of 
the pore size of 3 ran shown in Table 2, as shown in the 
column 1-3 of Table 3. Accordingly, it was confirmed that 

20 the flow rate of the process gas had no adverse influence 
on the optimum hole intervals for uniform exhaust. 
However, the lowest exhaust pressure immediately below the 
first hole hi needs to be adjusted to 78.2 Pa so as to 
accommodate an exhaust flow rate lower than that in the 

25 column 1-1 of Table 3. By doing so, the exhaust gas can 
be distributed evenly in the circumferential direction, 
while the chamber inner pressure is maintained at 93.3 Pa. 
The exhaust flow rate per unit circumferential angle is 
reduced as the amount of process gas decreases. However, 

30 it was found that the exhaust flow rate per unit 

circumferential angle is a constant value of 1.671 seem, 
regardless of the locations of the holes. 
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(Influence of Temperature Variations) 

Using the baffle plate shown in the column 1-1 
of Table 3, the variation of the exhaust flow rate can be 
made uniform in the circumferential direction even if the 
5 process temperature varies. Under the same process 

conditions as in the column 1-1 of Table 3, except that 
the process gas temperature was 600*0 , the locations of 
the baffle holes required for uniform exhaust were 
determined. The results of this were exactly the same as 

10 the values in the case of the pore size of 3 mm shown in 
Table 2, as shown in the column 1-4 of Table 3. 
Accordingly, it was confirmed that the process gas 
temperature had no adverse influence on the optimum hole 
intervals for uniform exhaust. 

15 The lowest exhaust pressure immediately below 

the first hole hi needs to be adjusted to 54.8 Pa, so as 
to accommodate an increased exhaust flow rate due to a 
higher temperature than in the column 1-1 of Table 3. By 
doing so, the exhaust gas can be distributed uniformly in 

20 the circumferential direction, while the chamber inner 
pressure is maintained at 93.3 Pa. 

(Influence of Viscosity Variations) 

Using the baffle plate shown in the column 1-1 

25 of Table 3, it was found that the exhaust gas can be 
distributed uniformly in the circumferential direction 
even if the gas viscosity varies. Under the same process 
conditions as in the column 1-1 of Table 3, except that 
the gas viscosity is 5.44E-5Pa • s, which is 1.5 times as 

30 high as that in the column 1-1 of Table 3, the locations 
of the baffle holes were again determined so that the 
exhaust from the chamber can be distributed uniformly in 
the circumferential direction by the 72 baffle holes each 
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having the pore size of 3 mm. The results of this were 
exactly the same as the values in the case of the pore 
size of 3 mm in Table 2, as shown in the column 1-5 of 
Table 3. Accordingly, it was confirmed that the process 
5 gas viscosity had no adverse Influence on the optimum 
intervals for uniform exhaust. 

However, the lowest exhaust pressure immediately 
below the first hole hi needs to be adjusted to 30.5 Pa, 
so as to accommodate an increased gas viscosity that is 
10 higher than that in the column 1-1 of Table 3. By doing 
so, the exhaust gas can be distributed uniformly in the 
circumferential direction, while the chamber inner 
pressure is maintained at 93.3 Pa. 

15 (Influence of Pore size Variations) 

Table 4 shows the relationship between the 
uniformity of the baffle plate having varied hole 
intervals and the conditions of fluid passages. 
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If a baffle plate having 72 holes each having a 
pore size of 2.5 mm, instead of 3 mm, the locations of the 
baffle holes required for uniform exhaust in the 
circumferential direction were determined. The results of 
5 this are shown in the column 1-6 of Table 4. The angle 
positions of the baffle holes are shown in the column of 
the pore size of 2.5 mm in Table 2. 

Compared with the case of the pore size of 3 mm, 
the hole intervals of the 2. 5 -mm pore size holes exhibit 

10 higher uniformity. Since the differential suction 

pressure in the duct immediately below the first hole hi 
is reduced to 20.4 Pa in the column 1-6 of Table 4, the 
differential pressure between the chamber pressure and the 
duct inner pressure due to higher fluid friction 

15 resistance with the smaller pore size. Accordingly, the 
differential pressure at each hole becomes higher. As a 
result, the influence of a variation of the duct inner 
pressure in the circumferential direction becomes 
relatively smaller, and the difference in exhaust flow 

20 rate due to the differential suction pressure between hole 
locations also becomes smaller. Thus, the intervals 
between the holes exhibit more uniformity. 

In Table 2, the variations of exhaust are shown 
in the case of the pore sizes of 4 mm and 5 mm, as well as 

25 2.5 mm and 3 ran. In accordance with Table 2, as the pore 
size becomes larger, the hole intervals on the first hole 
side become longer, while the hole intervals on the 180° 
side become shorter. However, it is obvious that each 
pore size should be smaller than the hole intervals . 

30 

(Influence of Variations in Duct Equivalent Diameter) 

Using a baffle plate having the same number of 
holes with the same pore size as in the column 1-1 of 
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Table 3, except that the equivalent diameter of the 
exhaust duct is enlarged from 27.3 mm to 34.3 ran, the 
locations of baffle holes were again determined so that 
uniform exhaust of exhaust gases of the same flow rate, 
5 the same pressure, and the same temperature can be 

obtained in the circumferential direction. The results of 
this are shown in the column 1-7 of Table 4. 

Since the fluid friction resistance in a wider 
duct is smaller, the differential pressure required for 
10 drawing gas from the chamber into the duct becomes more 
uniform. As a result, the intervals between the baffle 
holes for obtaining uniform exhaust per unit angle in the 
. circumferential direction also become more uniform than in 
the case of the column 1-1 of Table 3. 

15 

( Influence of Variations in Hole Number) 

Under the same conditions as in the column 1-1 
of Table 3, except that the number of baffle holes is 47 
instead of 72, the locations of the baffle holes required 

20 for obtaining uniform exhaust in the circumferential 

direction were determined. The results of this are shown 
in the column 1-8 of Table 4. The angle locations of the 
baffle holes can be determined in the same maimer as 
described so far. 

25 As the number of holes decreases, the maximum 

hole intervals and the minimum hole intervals both 
increase, and the flow rate of each hole also becomes 
higher. However, the exhaust flow rate per unit 
circumferential angle is constantly 3.342 seem, regardless 

30 of the locations of the holes. From this fact, it becomes 
apparent that the technique of obtaining uniform exhaust 
by varying the hole intervals can be applied to a case in 
which the number of holes varies. 
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[ Second Embodiment] 

A second embodiment of the present invention 
shows a case where a porous baffle plate has baffle holes 
5 arranged at uniform intervals and having different pore 
sizes for obtaining uniform exhaust. In this porous 
baffle plate, the hole intervals and the thickness are 
uniform, but the pore sizes are varied so that a uniform 
exhaust flow rate can be maintained in the circumferential 
10 direction. 

FIG. 7 shows the structure of the baffle plate 
of the second embodiment of the present invention. As 
shown in FIG. 7, the pore size is smaller on the 
downstream side in the vicinity of the connecting port of 

15 the exhaust pipe 11, so as to restrict an increase of the 
exhaust flow rate of each hole due to an excessive 
differential suction pressure. In order to obtain a 
uniform flow rate, the pore sizes are designed in the 
following manner. 

20 A method of determining the optimum pore size 

variation of m baffle holes 27 arranged on the pitch 
circle 19 at uniform intervals will now be described. The 
exhaust flow rate per hole is the average flow rate, i.e., 
F m = F 0 /m. The pore size D x of the hole located at the 

25 most downstream side is arbitrarily given as the minimum 
design pore size, so that the other pore sizes can be 
determined from the relationship described below. 

The relationship between the pore size Di and 
the flow rate F x of the first hole can be expressed by the 

30 differential pressure A°p! (= °P - P x ) between the duct 
inner pressure Pi and the chamber pressure °P as follows. 



F t = <^ 2 -P^{(W4)D,ty*Lo= F n - Fo/m 



(30) 
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Fran the above equation, the duct inner pressure 
can be determined by the following equation (31). 

5 P,= {^-cLoFo/C^mD/M)}^ (31) 

The duct inner pressure P 2 immediately below the 
second hole is higher than the duct inner pressure Pi by 
the differential pressure Ap 2 ,i, and can be determined by 
10 the relationship with the mass velocity G2.1 (= F 2 ,i (1E- 

6/60)(M/0.0224)/((ti:/4)Dh 2 )) of the gas F 2 ,i (= (F 0 - Fx)/2) 
flowing the distance of the duct length La (= 27tr/m) . 



15 



20 



P 2 = Pi 2 +{ S L^CFo^-F^/Kir /4)D H 4 }] (X5 (32) 

Fran this equation, the pore size D 2 having the 
flow rate F 2 of the second hole as the uniform flow rate F m 
can be obtained. As for the other baffle holes, the pore 
sizes are determined in the same manner. 

F 2 = (°P 2 -P 2 2 ){(^r/4)D 2 4 }/*U= F<M (33) 
D 2 = [8l&M*mIQCE*-Fi*A]™ . . (34) 



As for the ith hole, the following equations 

25 hold. 

P t = flP 2 - S WK. l4Mr (35) 

Pi= [Pi-i 2 +{ S ^(Fofc-F^-F. F,J/{( k /4)D H *}]™ (36) 

Fi= ePt-mtxiWllSU** Fo/m (37) 
30 D- [SI^MxmJ^-Tm 1 * (38) 



The relational expression (36) with respect to i 
and i-1 is then substituted in the equation (35) as 
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follows . 

pP i -»W{(«'/4)D l 4 »l a * = pPWl^ M /{(W4)D^ 

+{5 F tl )/{( * / W}] a5 (39) 

5 By arranging this equation, the following 

equation (40) is obtained. 

D i 4 /D M 4 -{(2^r/niI^{CFo^-F l /2-F 2 Pi^Pi-^/Dh^-F/Pm (40) 

10 When the flow rates of the holes are uniform, 

the right- h and side of the equation (40) becomes 1. 
Accordingly, the following equations hold. 

Dj^/DM^K^r/ml^^+a-a^/DH 4 )^ 1 (41) 
15 D l 4 [l/D M < -{(^r/mI < J)„^(m+3--2i)}]= 1 (42) 
D, = l/tl^^-Kirr/mLoDH^m+S-a)}] 174 (43) , 

When the pore size of each hole satisfies the 
relational expression (43), the flow rates of the holes 

20 are apparently uniform. 

As described above, the diameter of each of the 
baffle holes 27 arranged at uniform intervals can be 
determined by the equation (43). Accordingly, it became 
apparent that the pore size of each baffle hole 27 depends 

25 on only the number m of holes, the plate thickness Lo, the 
pitch circle radius r, and the duct effective diameter Dh, 
but not on the total flow irate F 0 , the chamber pressure °P, 
the temperature T, and the viscosity. The diameter Di of 
the first hole is given as the reference value, so that 

30 the duct inner pressure Pi to maintain the chamber 

pressure °P with respect to the total flow rate F 0 can be 
calculated by the equation (31). The duct inner pressure 
Pi thus obtained is important to adjust the pressure of 
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the exhaust system. 

Table 5 shows the relationship between the pore 
size and the suction pressure in the exhaust baffle plate 
25 having the baffle holes having different diameters. 



5 
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Table 5 shows data concerning the porous baffle 
plate provided with baffle holes 27 that are arranged at 
uniform intervals on the pitch circle and have various 
diameters, under the same process conditions as the 
5 process conditions in obtaining the data shown in Table 1. 
In Table 5, only the maximum pore size and the minimum 
pore size among the 72 baffle holes formed in the baffle 
plate are shown. However, the other holes are formed to 
satisfy the equation (43). 

10 The columns 2-1 to 2-6 of Table 5 shows the 

results of experiments on the minimum pore size in the 
range of 2.3 mm to 3 mm of the baffle holes 27. From 
these results, it is confirmed that the exhaust flow rate 
per hole is the same regardless of the pore size. 

15 Also, the differential pressure between the two 

sides of each baffle hole 27 becomes larger, as the pore 
size becomes smaller. However, in the column 2-1 of Table, 
the minimum pore size is 2.3 mm, while the maximum pore 
size is only 2.56 mm. Accordingly, it is not necessary to 

20 vary the pore sizes in a wide range. In this case, 

however, it is necessary to reduce the inner pressure of 
the first hole to 7.8 Pa, which is close to 6.67 Pa, the 
limit of the suction pressure. In a case where the baffle 
plate 25 is employed, the gas flow load cannot be 

25 increased any further. Meanwhile, in the case of the 
column 2-6 of Table 5, the minimum pore size is 3 mm, 
while the maximum pore size needs to be as large as 10.5 
mm. This maximum pore size is almost the same as the 
average hole interval (240 7C/72 = 10.47 mm), and also the 

30 upper limit of the pore size. The duct .inner pressure 
below the baffle hole 27 having the largest pore size is 
almost as large as 93.3 Pa, which is equivalent to the 
inner pressure of the process chamber. Also, the 
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variation of the pore size is a limit, since a uniform 
suction operation is performed at a very small 
differential pressure via the baffle hole 27 having the . 
largest pore size. In these experiments, the baffle plate 
5 25 having the pore size variation shown in the columns 2-2 
to 2-5 in Table 5. As described above, in order to obtain 
uniform exhaust under desired process conditions, various 
pore size variations may exist for a porous baffle plate 
having a desired number of baffle holes arranged at 

10 uniform intervals and a desired thickness. These 

variations can be easily embodied by the above relational 
expressions in accordance with the present invention. 
Furthermore, the baffle plate 25 having the optimum pore 
size variation for the conditions of the actual processing 

15 apparatus . 

Table 6 shows that the exhaust uniformity in the 
baffle plate 25 having a fixed pore size variation does 
not depend on the process conditions. 
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Table 6 shows that a change in the process 
conditions has no influence on the optimum pore size 
variation in a baffle plate haying a minimum pore size of 
2.6 mm (shown in the column 2-4 of Table 5). More 
5 specifically, the flow rates at the baffle hole having the 
minimum pore size and at the baffle hole having the 
maximum pore size show that the exhaust flow rate at each 
of the baffle holes can be uniformly maintained by simply 
adjusting the exhaust duct inner pressure Pi under the 

10 first hole with a change of the process pressure from 93.3 
Pa to 133.3 Pa as shown in the column 2-7 of Table 6 and a 
change of the flow load from 600 seem to 1800 seem as 
shown in the columns 2-8 to 2-11 of Table 6. 

As can be seen from Table 6, the baffle plate 25 

15 provided with the baffle holes 27 having different pore 

sizes from each other is more advantageous than the baffle 
plate 9 having uniform-size baffle holes at uniform 
intervals shown in Table 1. With the baffle plate 9 shown 
in Table 1, even if each pore size is 2.444 mm, which 

20 makes the differential suction pressure so large as to 
reach the limit of the exhaust capacity, the exhaust 
uniformity cannot exceed 19.0%. With the baffle plate 25 
having the optimum pore size variation, on the other hand, 
uniform exhaust can be constantly obtained in a range in 

25 which the duct inner pressure can be adjusted. 

In a case where the pore size of a baffle hole 
27 is too small, the differential pressure of the baffle 
hole 27 increases to restrict the process gas flow rate 
and the freedom of the control valves used for pressure 

30 control in processes. On the other hand, in a case where 
the pore size of each baffle hole 27 is too small, the 
inner pressure in a duct far away from the connecting port 
of the exhaust pipe 11 becomes substantially the same as 
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the chamber inner pressure, resulting in undeslred exhaust. 
Accordingly, in order to obtain uniform exhaust, a baffle 
plate 25 having the optimum pore size variation needs to 
be selected. This should be easily achieved by the method 
5 in accordance with the present invention. 

FIG. 8 is a graph showing the characteristics of 
the baffle plate 25 of the second embodiment provided with 
the baffle holes having different pore sizes from each 
other. The graph is the results of a simulation in which 

10 the total number of holes on a predetermined circumference 
was 72, the hole intervals are uniform, the duct radius 
was 120 iran, the long side of the duct section was 30 mm, 
the short side of the duct section was 24 mm, the 
thickness of the baffle plate was 1 mm, the chamber 

15 pressure was 93.3 Pa, the gas amount was 1203 seem, the 
temperature was 520*0, the average molecular weight was 
59.6 g/mol, and the gas viscosity was 3.625E-5 Pa* sec. 

As shown in FIG. 8, if the first baffle hole 27 
(number 1) is formed immediately above the connecting port 

20 of the exhaust pipe 11 in the baffle plate 25 of the 

second embodiment of the present invention, the pore size 
Di increases along the semicircle toward the 37th baffle 
hole 27 formed on the upstream side. As shown in FIG. 8, 
in this baffle plate 25, the change of the duct inner 

25 pressure Pi [Pa] with the hole number is similar to the 
change with pore size. The duct inner pressure Pi [Pa] 
increases from the first baffle hole to the 37th baffle 
hole. The flow rate F± [seem] is constant, regardless of 
the location of the, as shown in FIG. 8. 

30 FIG. 9 is a graph showing the results of a 

simulation performed on the conventional baffle plate 9 
shown in FIG. 3 under the same conditions as in the case 
shown in FIG. 8. As shown in FIG. 9, the baffle plate 9 
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has baffle holes 7 having uniform pore sizes. The duct 
inner pressure has a larger increase rate with the hole 
number, compared with the baffle plate 25 of the second 
embodiment. The flow rate of the gas flowing through the 
5 first to 37th baffle holes 7 forms a decreasing function 
with the hole number. Accordingly, the flow rate varies 
from the location of the baffle hole corresponding to the 
exhaust outlet, and uniform exhaust cannot be realized. 

FIG. 10 is a graph showing the results of a 

10 simulation performed on a conventional baffle plate 

disclosed in Japanese Laid-Open Patent Application No. 63- 
141318 under the same conditions as in the case shown in 
FIG. 8. As shown in FIG. 10, in this baffle plate, the 
pore size of a baffle hole is proportional to the hole 

15 number, i.e., the distance from the exhaust outlet. Also 
as shown in FIG. 10, the flow rate drastically varies at 
the location around the 20th hole, which proves that the 
flow rate uniformity is very poor in the circumferential 
direction of the baffle plate. 

20 

[Third Embodiment] 

A third embodiment of the present invention is a 
porous baffle plate provided with the uniform-diameter 
baffle holes formed at uniform intervals. In this baffle 
25 plate, the hole intervals and the pore sizes are all 
uniform, but the length of the holes, i.e., the plate 
thickness is varied in such a manner that can main tain a 
uniform average exhaust flow rate in the circumferential 
direction. 

30 FIG. 11 shows the structure of a baffle plate 29 

of the third embodiment of the present Invention. FIG. 12 
shows the structure of a gas process chamber on which the 
baffle plate 29 of this embodiment is mounted. As shown 
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in FIG. 12, the baffle plate 29 has a greater thickness in 
the vicinity of the connecting port of the exhaust pipe 11 
so as to restrict an increase in exhaust flow rate per 
hole due to an excessive differential suction pressure , 
5 thereby reducing a conductance by the gas flow. At the 
upstream side of the gas flow, where the differential 
suction pressure decreases, the baffle plate 29 has a 
smaller thickness so as to increase the conductance, 
thereby obtaining a uniform exhaust flow rate. 

10 The length of each baffle hole 31 and the 

thickness of the baffle plate 29 required for obtaining 
the uniform exhaust flow rate are determined in the 
following manner. 

Ttxe optimum thickness variation of the baffle 

15 plate 29 can be obtained by the relational expression in 
accordance with the second embodiment of the present 
invention, with the length Lo of the ith baffle hole 31 
being L± and the pore size Di being D 0 . 



(44) 
(45) 



20 P l =[°P 2 -iL i F i /{(W4)Dor 

P i =[Pi. 1 2 + F l _ l )/{(ir/4)D H 4 }] afi 

Fi = fP*«-P i a ){(^/4)Do1/*L l = F<M (46) 

D 0 = [ S Lffi/{( * m/4)ff t -Pfl)] MI (47) 

25 Here, the above equation (44) is substituted in 

the equation (45) to obtain the following equation - 

pP 2 -*L i F i /{(«-/4)D 0 4 }] a6 

= |°P 2 - S UM{(^14M+ 8LJFJ2-XJ2-F t F i . 1 )/{(^/4)D H 4 }] as (48) 

30 Since the flow rates of the baffle holes 31 are 

equal to each other, i.e., Fi-i/Fi = 1, and a hole interval 
Lm is 27tr/m, the length L± of the ith baffle hole 31 can 
be determined as follows. 



WO 01/48790 PCT/JPOO/09106 

-51- 



Lj = Li^-UCDc/D^CPo^Fi+F,^ -F^-F^--;— F M /F,) 
= U l -(2^rM)(D 0 «)H) 4 {m^+l^-(l+l+- ■ •+!)} 
= I^,-(jrrte)(Pbfl)iDV+3-2i)' 
5 = I^-(*rto)(Dflfl)^{^ 

= L, - ( * r/m )(Do/lVCi- D(m-i+ 1) (49) 

If the angle position of the first hole on the 
pitch circle in the vicinity of the connecting port of the 

10 exhaust pipe 11 is 0° , and the angle position of the n 
the hole that is the farthest away from the connecting 
port is 180° , the relationship between n and the total 
hole number m can be expressed as n = (m+2)/2, and the 
plate thickness I* of the thinnest nth hole can be 

15 expressed as follows. 

I* - L^TrrCDoTO^W-^Mm (50) 

Since the allowable range of Li and I* should be 
20 the minimum suction pressure P* or larger, the following 
equations hold. 



(51) 
(52) 



P^pP^^LiFj/Kir/^Do 4 }]" > P* 
L, < (°P*- P**)(* m/4)D 0 4 /*Fo 
25 P,=pP*- *F l {L tt + irrCDo^V^-fW/Kir/^Do 4 )]* 15 > P* (53) 
L n < (* m/^OD^ 4 { (^P 2 - P* W S Fo-ra-4/m*) \ (54) 

The allowable range of pore sizes can be 
obtained by the following equation, which is obtained by 
30 substituting an arbitrarily selected I* in the above 
equation (54). 



D 0 > l^[(^m/4){( ( ^ 2 --P*V<yFo-r(l-4/m 2 )/DH 4 }]] IM (55) 
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As described so far, the optimum thickness 
variation of the baffle plate for realizing uniform 
exhaust is determined by the equation (49). However, it 
5 is necessary to employ the restrictive conditions of the 
equations (52), (54), and (55) based on the limit of the 
lowest suction pressure P* and the chamber pressure °P. 

Now, influences of the pore sizes of the baffle 
holes on the optimum plate thickness variation are shown 
10 in Table 7 and Table 8. 
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TABLE 8 



COLUMN 
NUMBER 


3-1 


3-2 


0 0 


3-4 


3-5 


COLUMN 
NUMBER 


3-1 


3-2 


0 0 


3-4 


3-5 


HOLE 


TOR 


E SIZE( 


iraO 


HOLE 


TOR 


E S1ZE( 


'ma) 


NUMBER 


2. 55 


3 


4 


5 


II 


NUMBER 


2. 55 


3 


4 


5 

O 


c 

19 


1 


1. OC 


1 QQ 


4. 14 


O. Di 


1K Q 
ID. a 


19 


1 13 


I. CO 


1.79 


9 Q9 


3. U 


2 


1 AQ 


1 QA 


3.97 


ft 95 
<X Co 


10. u 


20 


1 19 


1 99 
1. cc 


1.70 


9 71 




3 


1.46 


1. 89 


3.80 


7.84 


112 


21 


1. 10 


1.20 


1. 62 


2.51 


41 


4 


1. 44 


1. 84 


164 


7.44 


14 4 


22 


1. 09 


1. 17 


1. 55 


2. 33 


18 


5 


1. 41 


1.79 


3.48 


7.06 


116 


23 


1.08 


1. 15 


1.47 


2.16 


14 


6 


1.38 


1.74 


3.33 


a 68 


128 


24 


1.07 


1. 13 


1. 41 


2.00 


11 


7 


1. 36 


1. 69 


3.18 


6.32 


120 


25 


1. 06 


1.11 


1. 35 


1. 85 


28 


8 


1.34 


1. 65 


104 


5.97 


11.3 


26 


1. 05 


1. 09 


1.29 


1. 72 


25 


9 


1.31 


1. 60 


2.90 


a 64 


10.6 


27 


1.04 


1.08 


1.24 


1. 59 


22 


10 


1. 29 


1. 56 


trr 


a 31 


19 


28 


1. 03 


1.06 


1.20 


1.48 


2.00 


11 


1.27 


1.52 


2.64 


a oo 


13 


29 


1. 03 


1. 05 


1. 16 


1. 38 


1.8 


12 


1.25 


1.48 


2.51 


4.70 


17 


30 


1. 02 


1.04 


1. 12 


1. 29 


1.6 


13 


1.23 


1.44 


2.40 


4.41 


11 


31 


1. 01 


1.03 


1. 09 


1.21 


1.4 


14 


1. 21 


1. 41 


2.28 


413 


7.5 


32 


1.01 


1.02 


1.06 


1.15 


1. 3 


15 


1.19 


1.37 


2.17 


186 


19 


33 


1. 01 


1. 01 


1.04 


1. 09 


1.2 


16 


1. 18 


1.34 


2.07 


161 


14 


34 


1.00 


1. 01 


1.02 


1. 05 


1.1 


17 


1. 16 


1. 31 


1.97 


137 


19 


35 


1.00 


1.00 


1. 01 


1. 02 


1.00 


18 


1. 14 


1.28 


1.87 


114 


a 4 


36 
37 


1. 00 
1.00 


1.00 
1.00 


1.00 
1.00 


1. 01 
1.00 


1. 00 
1. 00 



The baffle plates 29 of the column numbers 3-1 
to 3-5 each have seventy- two baffle holes having uniform 
pore sizes and arranged at uniform intervals, and has a 
pitch circle radius r of 120 mm. With the pore sizes 
being varied, a simulation was performed on the optimum 
thickness variation required for uniform exhaust. The 
process conditions and the duct radiuses are the same as 
in the case shown in FIG. 5. 

For ease of processing a baffle plate 29, the 
minimum thickness I* of the baffle plate 29 was set at 1 



10 
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nm, and the minimum limit pore size D 0 > 2.55 mm for the 
baffle holes 31 was obtained by the equation (55). 
Experiments were then carried out on the cases where the 
minimum limit pore size Do of 3 ram to 6 mm. Table 7 shows 
5 the plate thicknesses corresponding to the baffle holes 31 
at the downstream side and the upstream side of the gas 
flow, the duct inner pressures, the differential pressures 
between both sides of the baffle holes 31, and the gas 
flow rates per hole in the cases shown by the column 

10 numbers 3-1 to 3-5. 

In Table 8, the plate thicknesses of the 
respective baffle holes in greater details in the cases 
indicated by the column numbers 3-1 to 3-5. In accordance 
with Table 8, the flow rates of the respective cases are 

15 uniform, regardless of the locations of the baffle hole 31. 
As a result, the variation rate at the location where the 
pore size is 5 mm greater is too high, and accordingly, it 
can be said that it is suitable to design the thickness of 
a baffle plate with the baffle hole diameters 3 to 4 mm. 

20 As is apparent from the equation (50), by the 

above method for obtaining uniform exhaust by adjusting 
the thickness of the baffle plate 29, the optimum 
thicknesses can be obtained regardless of the process 
conditions, such as the gas temperature, pressure, flow 

25 rate, and viscosity. Therefore, the results of a 

simulation performed under different process conditions 
are omitted. Other test results in cases where the number 
of baffle holes is different and the equivalent diameter 

of the duct is different can be easily obtained by the 

* 

30 foregoing relational expressions in the same manner. 

However, it should be understood that the range in which 
the baffle plate 29 of the third embodiment of the present 
invention can be obtained is limited by the conditions 
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specified by the equation (55). 

t Fourth Embodiment] 

A fourth embodiment of the present invention is 
5 a slit- type baffle plate provided with slits (baffle 
slits) having various widths so as to obtain uniform 
exhaust. 

FIG. 13 shows the structure of a baffle plate 33 
of the fourth embodiment. FIG. 14 shows the structure of 

10 a gas process chamber on which the baffle plate is mounted. 
The baffle plate is a porous type, in which the 
conductance is adjusted by varying the intervals and 
diameters of the baffle holes formed around the wafer , or 
varying the thickness of the baffle plate , so as to obtain 

15 uniform exhaust. In the baffle plate of this embodiment, 
on the other hand, the conductance of the gas flow through 
exhaust slits (baffle slits) 35 that penetrate the 
surrounding area of the wafer 1 is adjusted. The widths 
of the slits 35 and the thickness of the baffle plate 33 

20 are varied in the circumferential direction, thereby 

obtaining uniform exhaust in the circumferential direction 

This baffle plate 33 is advantageous in that it 
is capable of continuously exhausting in the 
circumferential direction. Accordingly, the baffle plate 

25 33 is suitable as a low differential pressure baffle 

(great conductance baffle) for realizing uniform exhaust 
in a low-pressure process chamber. 

Next, theoretical equations for designing the 
baffle plate 33 provided with the slits will be described. 

30 Here, the equations for obtaining a fluid pressure loss of 
the baffle plate provided with the slits are analyzed, and 
the relational expressions for dete:nnining the optimum 
slit widths and the thickness variation of baffle plate 33. 
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After the equivalent diameter D& of the cross 
section of a rectangular pipe with a long side a and a 
short side b, the pipe diameter of the Fanning' s equation 
is tuned into the following equations, with a being 
5 infinite. 



Dh = 4 x cross section of the pipe/circumference = 

4ab/(2a+2b) -* 2b ... (56) 

Re = Ph p U/M ♦ • .(57) 

10 (D is the average flow rate in cross section) 

In the equation (57), Re indicates the Reynold's 
number, U Indicates the average flow rate in cross section, 
and P indicates the density of the fluid. The fluid 
15 pressure loss Ap is expressed as follows. 



30 



AP = 32^ LU/(b*X/2) . (58) 



A value 16/3 is then substituted as X in the 
20 equation (58), and the fluid pressure loss Ap is 
expressed as follows. 

AP=12„LIW 
f - 2 4/Re QWJ 

25 Meanwhile, the friction loss coefficient f is 

indicated by 24/Re. Taking into account an influence of 
an air expansion on the flow rate due to a variation in 
pressure, the following equation is obtained in the same 
manner as in the foregoing embodiment . 



A°P| = °p — (0p2 - 24 / iL i RT°G i /Mb i 2 ) a5 ( 60 ) 



wherein: i indicates a circumferential angle. 
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with the location of the connecting port of the exhaust 
pipe being the origin; A°Px indicates a differential 
pressure between the inner pressure Pi of the exhaust duct 
at a location i and the chamber inner pressure °P; I* 
5 indicates the thickness of the slit plate at the location 
i; bi indicates the slit width at the location of the 
circumferential angle i; and °Gi indicates the mass 
velocity of the gas flowing from the chamber into the area 
having the unit angle width of the corresponding slit i. 
10 To determine the slit width required for obtaining uniform 
exhaust in the circumferential direction, and the 
thickness variation of the baffle plate 33 in the 
circumferential direction, the following calculation is 
made. 

15 The relationship between the pressure loss and 

the gas flow rate between the angle positions i+di and i 
in the exhaust duct 5 is approximately expressed as 
follows . 



20 



30 



« {Pj* + 64/*r(($(Wl8(»^^ p i ( 61 ) 



wherein the r(di) ( 7C/180) is the length of the 
exhaust duct 5 per angle (di) , with the radius of the 
pitch circle of the duct being r, and Gi+ai.i is the mass 
25 flow rate of the gas flowing through the exhaust duct 

between the angle positions (i+di)° and the 1° - Dh is an 
equivalent diameter of the exhaust duct 5. 

From the relationship between A°Pi and Ap 1+di , 
the following equation holds. 



From this equation, the following equation holds. 
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A°P l+d i = °P "Pw 

« P,- {?? + 64/z(irr/180)(di)RTG J+ au/MD H 2 } aB +A°P| 

= Pi -{Ps 2 + 64^(^rA80)(c^RTG W u/MDH 2 } 05 
5 + °P - (°P 2 - 24/rI^RT 0 G i Mb i 2 ) a5 (63) 

wherein °Gx is the mass flow rate of the gas 
passing through the slits per 1° open area at the angle 
i° position. With the total flow rate at the time of 
10 uniform exhaust being °F, and the average exhaust flow 
rate f being °F/360 [sccm/deg], the following equation 
holds. 

°G, = f(lE-6/GO)(M/0.0224)/{(b5)(^r/l80)} (64) 

15 

The Fi+di,i is the flow rate [scan] of the gas 
flowing through the exhaust duct 5 between i° and i+di° , 
which is an approximate value of the total flow rate of 
the gas discharged from the slits 35 into the exhaust duct 
20 5 between 180 and i° . 

Fi+au = (180-i)f = (l80-i)°F/360 

Gmu = F l+du (lE-6/6Q)(M«).0224)/{(«:/4)DH 2 } 

Gmu = (180-i)f(lE-6/60)(M/0.0224)/{(ff/4)D H 2 } (65) 



25 



30 



The equations (61) and (63) are then substituted 
in the equations (64) and (65) to obtain the following 
equations . 

A Pi*uj= [ Pf+(4)(64V RT rf(cU)(l/180)(180-0(lE.6/60)(l/a0224)/D H 4 J* 5 - P t (66) 
A°P i+di =Pi-{Pr+(4)(64)^RTr^d0(l/180)(l8O~i)aE-6/60)(^ }<" 

+ op _ {^^24^I^RTf(180//rr)(lE.6/60)(l/0.0224)/b i 3 } a5 (67) 
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To simplify the above equations, the constants 
can be expressed as follows. 

a = 24/<RT(180/ir)(lE-6/60)(l/0.0224) (68) 
jff = (4)(64)^RT(lE.6/6Q)(l/0.0224)/D H 4 (69) 

APi^^fp^+zsM^a/isoxiso-x^] 0 - 6 - Pi (70) 

+ op_ { op S _ ff£Ll/rbl 3 } a5 

10 Since the pressure P 0 imnediately below the slit 

at the first angle 0° is equal to or higher than the 
suction limit pressure P*, the following equation holds. 



15 



20 



25 



30 



P 0 = (°P S - «£WrV) M > P* (72) 

The conditions of the smallest width bo of the 
slits can be expressed as follows. 

b 0 > {(cfLo/r)/^ -p*»)}U3 ( 73 ) 

With the pressure immediately below the angle 
di° being P<u, the average exhaust flow rate F 0 in the 
first section is expressed as (180-di)f. Accordingly, the 
following equation holds. 

A°Po*a - °P -Po^ 

= Po-fPoH^frCdxXl/lSOKlSO-O)}" 
+ °P - fF-afU/rM" 
°P -P<wi= Po-^+^^di^mSOKlSO-O^+^-^-fffLo/rbo^ 5 
P«= -Po+{P 0 s + jJfrCdOCl/iaOKlSO-^+fP 2 - a fl, /rbo 3 )" 



Strictly speaking, the differential equations 
can be calculated by a Runge-Kutta method using a computer. 
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However, the principles will be described below by the 
Euler's method, which is simplified for ease of 
explanation* 

Based on the smallest slit width bo at the angle 
5 position 0° where the plate thickness L 0 is constant , or 
based on the greatest plate thickness Lo where the slit 
width b 0 is constant, P 0 is obtained from the equation (72), 
and Pi is obtained from the following equation. 

10 Pi" ~Po+{P<f + jfffr(l)(l/180)(180-0)} a6 +{°P~ afU/rbo 3 }" (74) 

With the obtained P±, the slit width b i+1 or the 
plate thickness L 1+ i can be obtained from the following 
equations (75) and (76). 

15 

b»«- {a tt*, /r{°P 2 - P^- /?fr(l)(l/l80)(l8b-0) ]™ (?5) ■ 

Uh = b|*i8Cr#«0ffP*- Pi S -^fra)(l/180)(180-0} {U) 

The above equations (75) and (76) are 
20 substituted in the following equation , so as to obtain the 
value P 1+i . 

Pi+i = {°P s - a fl*, /rb^T^fff + /?fr(l)(l/l80)(l80-0 } os . (77) 



25 The inner pressures of the exhaust duct 5 in a 

case where i is 0, 1, 2, ... are sequentially calculated, 
so that the slit width bi for uniform exhaust and the 
variation of the thickness Li of the baffle plate 33 are 
determined. 

30 Table 9 shows specific examples of the uniform- 

thickness slit-type baffle plate 33 obtained by 
determining the variation of the slit widths required for 
obtaining uniform exhaust in the chamber. The process 
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conditions of the data shown in Table 9 are the same 
the process conditions as in Table 1. 
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The lowest limit of the slit widths in a case 
where the thickness L 0 of the baffle plate 33 is 0.92 nan. 
Accordingly, the thicknesses are 1 mm, 2 mm, and 3nm, 
while the smallest slits widths bo are 1 mm, 1.2 mm, 1.5 
5 mm, and 1.8 mm, , as shown in Table 9. A simulation was 
performed for each of the cases. Under each of the 
numbers shown in Table 9, the inner pressures of the 
exhaust duct 5 corresponding to the smallest slit width 
and the greatest slit width, the differential pressure 

10 (differential suction pressure) between both sides of each 
of the slits 35, the flow rate of the gas discharged from 
the slits per unit angle 1° , and the uniformity of the 
exhaust flow rates are shown. 

As can be seen from Table 9, the exhaust flow 

15 rate is uniform in any case. Where the plate thickness is 
as small as 1mm, the variation range of the slit widths is 
narrow, and the variation of the widths in the 
circumferential direction is in a very narrow range of 1 
mm to 1.21 mm. This implies that the required precision 

20 in processing and assembling of the baffle plate 33 is 

very high. However, in the case of the column number 4-5 
shown in Table 9 in which a baffle plate having a 
thickness of 3 mm, the slit widths vary in the range of 
1.8 mm to 3.39 mm, and the variation range on the 

25 circumference is greater. 

As is apparent from T£ble 9, with the baffle 
plate 33 of this embodiment, the optimum variation of the 
plate thickness can be easily obtained. 

It should be understood that the baffle plate is 

30 not necessarily formed by an integral component , but may 
be made up of a plurality of components. 

[Fifth Embodiment] 
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A fifth embodiment of the present invention is a 
baffle plate having slits of uniform widths. The 
thickness of this baffle plate is varied so as to obtain 
uniform exhaust. 
5 FIG. 15 shows the structure of the baffle plate 

of the fifth embodiment of the present invention. FIG. 16 
shows the structure of a gas process chamber on which the 
baffle plate of this embodiment is mounted. As shown in 
FIGS. 15 and 16, to obtain uniform exhaust in the chamber 

10 by a slit- type baffle plate 37 , the equation (76) of the 
fourth embodiment is used so as to optimize the thickness 
variation of the baffle plate 37, while maintaining the 
widths of through slits 39 uniform. 

In order to keep the exhaust flow rates in the 

15 circumferential direction constant, the thickness 

variation of the baffle plate 37 in the circumferential 
direction was examined under the same process conditions 
as in the cases shown in Table 1. More specifically, the 
widths of the slits 39 were made uniform in the 

20 circumferential direction, while the widths of the other 
slits 39 were varied in the range of 1.8 mm to 2.5 mm. 
The greatest thickness of the baffle plate 37 was 5 mm or 
10 mm, the uniformity of the exhaust flow rates were 
examined through simulations . Table 10 shows the result 

25 of the simulations. 
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When the widths of the slits are 3 mm or greater, 
the greatest thickness of the baffle plate 37 on the side 
of the exhaust pipe 11 is as thick as several centimeters , 
which is not a practical value. This is because the fluid 
5 pressure loss of the slits 39 is inversely proportional to 
the cube of the width of each slit 39, while being 
proportional to the thickness of the baffle plate 37. 
Also, if the inner pressure of the exhaust duct 5 is low 
and the differential suction pressure is high enough, the 
10 widths of the slits 39 are preferably maintained at a 

small constant value, so that the exhaust flow rate in the 
circumferential direction can be adjusted while 
maintaining a thickness variation within a range of 1 mm 
to 3 mm. 

15 As described above, in accordance with the fifth 

embodiment of the present invention, the uniform-width 
slit-type baffle plate 37 having the optimum shape can be 
efficiently and readily designed. 

20 [Sjbcth Embodiment] 

PIG. 17 shows the structure of a baffle plate of 
a sixth embodiment of the present invention, and FIG. 18 
shows the structure of a gas process chamber on which the 
baffle plate of this embodiment is mounted. As shown in 

25 FIG. 18, a baffle plate 41 of this embodiment is a type of 
porous baffle plate that varies in thickness. The shape 
of each baffle hole 43 is not circular but rectangular. 
As in this embodiment, the shape of baffle holes (or 
baffle passages) of the present invention is not limited 

30 to a rectangle. Also, in a case of circular baffle holes, 
they are not necessarily arranged on a single pitch circle, 
but may be arranged on a plurality of pitch circles having 
different circles. 
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In this embodiment, however, the conductance of 
the baffle holes (or baffle passages) should be made equal 
to the conductance of circular baffle holes arranged on a 
single pitch circle. In the case of the rectangular 
5 baffle holes 43, the equivalent diameter Dh = 2ab/(a+b), 
which is obtained from the long side a and the short side 
b, should be made equal to the diameter of a desired 
circular hole. 

Meanwhile, a technique of dividing one baffle 

10 hole into a plurality of baffle holes having the same 

functions is also advantageous, and this technique may be 
applied to either an entire pitch circle or a partial 
pitch circle. For instance, in a case where a wafer is 
processed by a method using plasma, it is necessary to 

15 prevent a plasma gas from passing through the baffle plate 
and flowing toward the exhaust side. Therefore, with the 
baffle plate of the second embodiment in which the 
diameters of the baffle holes are varied in the 
circumferential direction, each baffle hole having a great 

20 diameter may have to be replaced by a plurality of baffle 
holes having small diameters. In such a case, the fluid 
pressure loss based on the gas flow rate divided by the 
number of the baffle holes is partially applied to the 
relational expressions of the foregoing embodiments, so as 

25 to determining the diameters of the baffle holes. 

[Seventh Embodiment] 

In the foregoing embodiments , only one of the 
factors including the hole intervals, the pore sizes, the 
30 plate thickness, or the shape of the slits, is varied to 
obtain uniform exhaust. In a seventh embodiment of the 
present invention, on the other hand, a plurality of 
factors are varied at the same time. For instance, the 
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first embodiment and the second embodiment of the present 
invention may be combined. In such a case, baffle holes 
having smaller pore sizes are formed between the regular 
baffle holes, so that the intervals between the baffle 
5 holes near the connecting port of the exhaust pipe can be 
prevented from becoming too long. 

However, it should be understood that varying a 
plurality of factors at the same time is costly, and 
therefore, this embodiment should be employed only for 
10 special use. 

[Eighth Embodiment] 

FIG. 19 shows the structure of a gas process 
chamber of an eighth embodiment of the present invention, 

15 and FIG. 20 is a plan view of this gas process chamber. 

As shown in FIGS. 19 and 20, the gas process 
chamber of this embodiment comprises a chamber 45 provided 
with a chamber wall 46 that surrounds the wafer stand 3. 
In this gas process chamber, exhaust slits 47 are formed 

20 at the bottom end of the chamber wall 46. The heights of 
the exhaust slits 47 are varied to obtain uniform exhaust 
as in the foregoing embodiments. 

Varying the heights of the exhaust slits 47 
around the wafer stand 3 has hydrodynamics 11 y the same 

25 effects as the fourth embodiment in which the widths of 
the slits 35 on the slit-type baffle plate 33 are varied 
around the wafer stand 3. In view of this, it can be said 
that the gas process chamber of this embodiment is a 
modification of the gas process chamber of the fourth 

30 embodiment . 

[Ninth Embodiment] 

FIG. 21 is a block diagram showing the structure 
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of an apparatus for producing a baffle plate of the 
present invention. In this block diagram, the solid lines 
indicate the data flow, and the broken lines indicate the 
flow of control signals. As shown in FIG. 21, this 
5 apparatus for producing a baffle plate comprises an 
input /output unit 50, a storage unit 51, an arithmetic 
operation unit 53, a control unit 55 , and a work unit 57. 
Parameters such as the characteristics of the process gas, 
the process conditions , the shape of the exhaust duct, the 

10 size of the process chamber, are inputted in the 

input/output unit 50. The arithmetic operation unit 53 is 
connected to the storage unit 51. The work unit 57 is 
connected to the input/output unit 50. The control unit 
55 is connected to the input/output unit 50, the storage 

15 unit 51, the arithmetic operation unit 53, and the work 
unit 57. 

Depending on the type of process to be performed, 
the work unit 57 is formed by a lathe, a drilling machine, 
a boring machine, or a milling machine. When baffle holes 

20 are formed in the baffle plate, for instance, a drilling 
machine is used. 

Referring now to a flowchart shown in FIG. 22, 
the operation of the apparatus for producing a baffle 
plate having the above structure will be described. 

25 In step SI, the parameters such as the 

characteristics and the process conditions of the process 
gas, the shape of the exhaust duct, and the size of the 
process chamber are inputted into the input/output unit 50. 
The inputted parameters are stored in the storage unit 51. 

30 In step S2, the control unit 55 controls the 

arithmetic operation unit 53 based on a flow rate 
calculating program according to the Hagen-Poiseuille's 
law, which program is stored in the storage unit 51 in 
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advance. More specifically. In accordance with the above 
program, baffle holes are virtually formed on the baffle 
plate. The arithmetic operation unit 53 calculates the 
pressure difference between the two sides of the baffle 
5 plate and a pressure variation in the exhaust duct in 
accordance with the Hagen-Poiseuille ' s law, thereby 
determining the flow rate of the gas flowing through the 
baffle holes. The results of the calculation are 
temporarily stored in the storage unit 51 and transmitted 

10 to the control unit 55. 

In step S3, the control unit 55 determines the 
locations and pore sizes of the baffle holes in such a 
manner that makes the flow rates of the baffle holes 
uniform. In step S4, the control unit 55 supplies the 

15 data indicating the optimum locations of the baffle holes 
to the work unit 57. 

In step S5, based on the supplied data, the work 
unit 57 processes the baffle plate. The operation 
information of the work unit 57 is supplied to the control 

20 unit 55, which in turn controls the work unit 57 in 
accordance with the supplied operation information. 

With the above apparatus for producing a baffle 
plate of the ninth embodiment of the present invention, 
any of the baffle plates of the foregoing embodiments can 

25 be readily produced. 
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CLAIMS 



5 

1. A baffle plate that parts a process space in 
which a chemical process Is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 

10 chemical process, 

said baffle plate characterized in that, after a 
plurality of through holes are virtually formed at desired 
locations on the baffle plate, the plurality of through 
holes are actually formed at the desired location so that 

15 flow rates of the exhaust gas at the plurality of through 
holes become uniform. 



20 

2. A baffle plate that parts a process space in 
which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 
25 chemical process, 

said baffle plate characterized in that, through 
holes are formed at a plurality of locations on the baffle 
plate, depending on pressure differences between two sides 
of the baffle plate. 

30 
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3. The baffle plate as claimed in claim 2, 
wherein the through holes are formed in accordance with a 
pressure variation of the exhaust gas along a flowing path 
of the exhaust gas inside the duct. 



4. The baffle plate as claimed in claim 3, 

10 wherein the through holes are formed so that a flow rate 
of the exhaust gas flowing through the through holes 
calculated by the Hagen-Poisuei Tie's equation becomes 
constant . 

15 

5. The baffle plate as claimed in claim 2, 
wherein at least three through holes are arranged at 

20 various intervals along a flowing path of the exhaust gas 
inside the duct. 



25 

6. The baffle plate as claimed in claim 2, 
wherein at least two through holes having different pore 
sizes are formed* 



30 



7. A baffle plate that parts a process space in 
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which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space for 
discharging an exhaust gas generated as a result of the 
chemical process, and a plurality of through holes are 
5 formed at desired locations, 

said baffle plate characterized in that, the 
baffle plate varies in thickness at two or more locations 
among the desired locations. 



8. A baffle plate that parts a process space in 
which a chemical process is carried out with a supplied 

15 gas from a duct for exhausting an exhaust gas generated as 
a result of the chemical process, 

said baffle plate characterized in that, slits 
that penetrate through the baffle plate and vary in width 
along with a flowing path of the exhaust gas in the duct 

20 are formed in accordance with pressure differences between 
both sides of the baffle plate, the pressure differences 
varying depending on locations on the baffle plate. 



9. A baffle plate that parts a process space in 
which a chemical process is carried out with a supplied 
gas from a duct that is adjacent to the process space so 
30 as to discharge an exhaust gas generated as a result of 
the chemical process, 

said baffle plate characterized in that 
slits that penetrate through the baffle plate 
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and have uniform widths are formed along a flowing path of 
the exhaust gas inside the duct, and 

the baffle plate varies in thickness along the 
flowing path. 

5 



10, A gas process apparatus that comprises : a 

10 process space including a stand on which an object to be 
processed, is placed, and a gas supply unit for supplying a 
gas to the object to be processed so as to perform a 
chemical process on the object placed on the stand; a duct 
that is adjacent to the process space so as to discharge 

15 an exhaust gas generated as a result of the chemical 

process; and a discharging unit that is connected to the 
duct for discharging the exhaust gas, 

said gas process apparatus characterized by 
further comprising a partition unit that parts the duct 

20 from the process space, and adjusts a flow rate of the 
exhaust gas flowing from the process space to the duct 
depending on pressure differences between both sides of a 
boundary surface, the pressure differences varying with 
locations on the boundary surface between the process 

25 space and the duct. 



30 11. A method of producing a baffle plate that 

parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
adjacent to the process space so as to discharge an 
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exhaust gas generated as a result of the chemical process, 
said method comprising the steps of: 
calculating pressure differences between both 

sides of the baffle at desired locations on the baffle 
5 plate; and 

forming through holes at a plurality of 

locations on the baffle plate, depending on the calculated 

pressure differences. 



12. A method of producing a baffle plate that 
parts a process space in which a chemical process is 
15 carried out with a supplied gas from a duct that is 
adjacent to the process space so as to discharge an 
exhaust gas generated as a result of the chemical process, 
said method comprising the steps of: 
calculating pressure differences between both 
20 sides of the baffle plate, the pressure differences 

varying with locations on the baffle plate, and a pressure 
variation of the exhaust gas along a flowing path of the 
exhaust gas Inside the duct; and 

forming through holes at a plurality of 
25 locations on the baffle plate in accordance with the 

calculated pressure differences and the pressure variation. 



30 



13. A method of producing a baffle plate that 
parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
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adjacent to the process space for discharging an exhaust 
gas generated as a result of the chemical process, 

said method comprising the step of forming a 
plurality of through holes in the haff le plate so that a 
5 flow rate of the exhaust gas calculated in accordance with 
the Hagen-Poiseui lie's law becomes constant. 



10 

14. An apparatus for producing a baffle plate 
that parts a process space in which a chemical process is 
carried out with a supplied gas from a duct that is 
adjacent to the process space for discharging an exhaust 
15 gas generated as a result of the chemical process, 

said apparatus comprising : 

a calculating unit that calculates pressure 
differences between both sides of the baffle plate at 
various locations on the baffle plate; and 
20 a hole forming unit that forms through holes at 

a plurality of locations on the baffle plate in accordance 
with the pressure differences calculated by the 
calculating unit. 

25 



15. The apparatus as claimed in claim 14, 

wherein: 

30 the calculating unit calculates a pressure 

variation of the exhaust gas along a flowing path of the 
exhaust gas inside the duct; and 

the hole forming unit forms the through holes at 
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the plurality of locations on the baffle plate in 
accordance with the pressure differences and the pressure 
variation calculated by the calculating unit. 



16. An apparatus for producing a baffle plate 
that parts a process space in which a chemical process is 
10 carried out with a supplied gas from a duct that is 

adjacent to the process space for discharging an exhaust 
gas generated as a result of the chemical process , 

said apparatus comprising: 

a calculating unit that calculates hole forming 
15 locations so that flow rates of the exhaust gas at through 
holes formed in the baffle plate calculated in accordance 
with the Hagen-Poiseuille ' s law become uniform; and 

' a hole forming unit that forms the through holes 
at the hole forming locations calculated by the 
20 calculating unit. 
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FIG. 7 
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FIG.8 
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